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Background: Periostin is being investigated as a potential biomarker for T-helper-2 (Th2)-driven asthma or eosin-
ophilic inflammation andmay help to identify patientsmore likely to benefit from interleukin-13-targeted treat-
ments.We report the development and analytic performance of the investigational use only ARCHITECTPeriostin
Immunoassay, a new automated assay developed to detect serum periostin concentrations.
Methods: We assessed assay performance in terms of precision, sensitivity, linearity, interference from classical
immunoassay interferents and representatives of common asthmamedications, specimen handling, and isoform
reactivity. The assay was also used to assess the biological variability of serum periostin concentrations in sam-
ples from healthy volunteers and from subjects with uncontrolled asthma (the intended use population).
Results: The percentage CVs for 5-day total precision, assessed using two instruments, was b6% across 2 controls
and one serum-based panel. Limit of quantitation was 4 ng/mL (dilution adjusted concentration), suiting the
needs for this application. Dilution analysis yielded linear results and no endogenous sample or drug interfer-
ences were observed. All known periostin isoforms expressed in the mature human lung were detected by the
assay.
Conclusion: Our studies provide support that the ARCHITECT Periostin Immunoassay is a reliable and robust test
for measuring serum periostin concentrations.

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Periostin is an 836-amino acid, approximately 90 kDa extracellular
matrix protein encoded by the POSTN gene and expressed in a diverse
range of adult and fetal tissues including lung, cardiac valve, adrenal
gland, and thyroid [1,2]. Many differentially spliced isoforms of
periostin exist and five post-natal human periostin isoforms with avail-
able sequences have been reported [3–5]. It appears to be involved in a
variety of biological processes, such as tissue remodeling, cell
ence interval; CLSI, Clinical and
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proliferation, and angiogenesis, and has been reported to have a benefi-
cial role in the development of cardiac valves, the development and re-
pair of bone and teeth, and in healing after myocardial and vascular
injury [2,6]. Periostin has also been implicated in a range of diseases in-
cluding cancer, scleroderma, atopic dermatitis, proliferative diabetic
retinopathy, and respiratory conditions such as idiopathic pulmonary
disease, allergic rhinitis, and asthma [1,2,6]. Indeed, there is increasing
evidence that periostin plays a key role in airway inflammation in pa-
tients with T-helper-2 (Th2)-driven asthma or eosinophilic inflamma-
tion [2,6,7].

In patients with Th2-driven asthma or eosinophilic inflammation,
Th2 cells release the inflammatory cytokines interleukin (IL)-4 and IL-
13, which induce periostin expression [1,7]. Periostin may contribute
to eosinophil-mediated inflammation and fibrosis by enabling eosino-
phil infiltration at sites of airway inflammation and stimulating eosino-
phil adhesion and motility through actions on IL-13 and IL-5 [6].
Periostin gene expression is increased in airway epithelial and sputum
cells of subjects with asthma compared with healthy control subjects
[8,9]. Furthermore, when compared with fraction of exhaled nitric
oxide, serum immunoglobulin (Ig) E concentrations and blood
nder the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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eosinophil count, serum periostin concentration has been reported
to be the most significant single predictor of airway eosinophilia in
patients with moderate to severe asthma who are symptomatic
despite inhaled corticosteroid treatment [10]. Consequently,
periostin has been identified as a potential biomarker for patients
with Th2-driven asthma or eosinophilic inflammation [1,7,10–12]
and, specifically, as a surrogate biomarker for the up-regulation of
IL-13 [13].

Identifying blood-based biomarkers for IL-13 activity is important as
treatments targeting the IL-13 pathway become available and identifi-
cation of patients likely to be particularly responsive to IL-13-targeted
therapy is required [12–15]. Collecting sputum samples to assess eosin-
ophil inflammation is time-consuming and labor-intensive, making it
impractical in routine clinical practice [12]. Furthermore, using serum
IL-13 itself as a biomarker is challenging because it is expressed locally
in inflamed tissue, resulting in very low concentrations in serum [12,
16] (concentrations of serum IL-13 appear to be similar between
healthy controls and subjects with asthma [16]). In contrast, periostin
is found in much greater concentrations in serum and is therefore
more readily measurable by immunoassay [12]. Measurement of
serum periostin concentration may therefore help identify patients
who would benefit from IL-13-targeted therapy. Indeed, patients with
elevated periostin have been reported to show enhanced response to
IL-13-targeted treatments such as tralokinumab [13] and lebrikizumab
[17,18].

Here, we describe the development of the ARCHITECT Periostin
Immunoassay, a new Investigational Use Only (IUO) immunoassay
to determine serum periostin concentrations. The assay is currently
being used to assess the utility of periostin as a biomarker in 2
Phase III studies (NCT02161757, NCT02194699) [15] investigating
tralokinumab, an anti-IL-13 monoclonal antibody (mAb) in subjects
with asthma [19,20]. We report the analytical performance of the
assay in terms of precision, sensitivity, linearity, endogenous and
drug interferents, specimen handling, and periostin isoform reactiv-
ity. We also provide data on the biological variability of periostin
concentrations in samples from healthy volunteers and from sub-
jects with uncontrolled asthma.
Fig. 1. The ARCHITECT Periost
2. Materials and methods

2.1. Assay description

The IUO ARCHITECT Periostin Immunoassay has been developed for
use with the ARCHITECT Immunoassay i System (Abbott Laboratories,
Abbott Park, IL) [21].

It is amAb sandwich two-step immunoassay for the quantitative de-
termination of periostin in human serumusing chemiluminescentmag-
netic immunoassay technology. Periostin, the analyte, is captured by
microparticles coated with an anti-periostin mAb and subsequently de-
tected with a second anti-periostin mAb conjugated with acridinium
(Fig. 1). Numerous antibody pairingswere initially evaluated for the po-
tential to address key performance measures before selection of the
final mAb pairing for the assay.

In the first step of the immunoassay process, a reaction mixture
consisting of 40 µL of ARCHITECT system line diluent, 10 µL of spec-
imen, and 50 µL of microparticles coated with an anti-periostin
mAb is vortexed and incubated for 18 min (Fig. 1). The paramagnetic
beads are captured and washed with diluent, which eliminates any
remaining sample, and 50 µL of anti-periostinmAb conjugate labeled
with acridinium is added. Aftermixing by vortex and a 4-min incuba-
tion, the paramagnetic particles are captured again and unbound
acridinium conjugate is removed in a diluent wash. Pre-trigger and
trigger solutions are added, resulting in a chemiluminescent signal
reportable as relative light units, which are directly correlated to
the amount of periostin present (Fig. 2). The assay is fully automated,
and the ARCHITECT i System has a throughput of 200 tests per hour
[21].

The assay was standardized early in the development process
using gravimetrically prepared periostin isoform 1 with protein con-
centration determined using an extinction coefficient established
by amino acid analysis. The assay calibration range (0–100 ng/mL;
Fig. 2) was selected based on 447 samples taken from a Phase IIb
study (NCT01402986) [13] of subjects with severe, uncontrolled
asthma, with a pre-treatment periostin concentration range of
5–73 ng/mL.
in Immunoassay method.



Fig. 2. Relationship (simple linear regression analysis) between relative light units and
periostin concentration: 6-point periostin calibration curve.
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2.2. Assay performance

2.2.1. Samples
Normal samples from healthy volunteers were obtained from

ProMedDx, LLC. Samples from subjects with idiopathic pulmonary fi-
brosis (IPF) were obtained from Bioreclamation IVT (New York, NY).
Samples from subjects with asthma used in periostin concentration as-
sessments were obtained from a Phase IIb study (NCT01238861) [22].
For the specimen handling procedures, samples from subjects with
asthma were obtained with written consent from volunteers at Abbott
Laboratories (Abbott Park, IL). All samples were collected in line with
approved protocols from institutional review boards.

2.2.2. Precision testing
Assay precision was evaluated according to the Clinical Laboratory

Standards Institute (CLSI) EP05-A2 guidelines [23], with the exception
that the replicates were evaluated across 5 days instead of 20 days.
Two levels of control and 1 normal human serumpanel were run in rep-
licates of 4, twice daily with a 2 h or greater gap between runs. Panels
were run for 5 days on 2 different ARCHITECT i2000 instruments. For
controls, recombinant periostin was spiked into an artificial matrix
(phosphate buffered saline, pH 7.4, protein stabilizers, and antimicrobi-
al) to concentrations of 8 ng/mL (low concentration control) and
30 ng/mL (high concentration control). The human serum panel repre-
sents a native or endogenous periostin sample.

2.2.3. Dilution linearity and spike recovery
Dilution linearity was assessed according to the CLSI guideline

EP06-A [24]. A sample of human serumwith a high periostin concentra-
tion (from a subject with IPF) was diluted serially from 400 ng/mL to
0.4 ng/mLwith human serum thatwas stripped of periostin using para-
magnetic microparticles coated with an anti-periostin mAb. Regression
analysis was used to compare expected and observed periostin concen-
trations. For spike recovery, seven normal serum specimens were
spiked to 20, 50, and 100 ng/mL with recombinant periostin and
assessed for recovery [25].

2.2.4. Interferents
The potential for interference from hemoglobin (N200 mg/dL), pro-

tein (N12 g/dL), bilirubin (N20mg/dL), and triglyceride (N3000mg/dL)
was tested using hemolysate, bovine gamma globulin (BGG),
conjugated and unconjugated bilirubin, and intralipid triglyceride, re-
spectively. The interference was designed with the aim of achieving a
mean percentage difference of ≤10% between periostin concentrations
with and without interferent. Tests were performed according to the
CLSI EP07-A2 guidelines [26]. Hemoglobin, conjugated and unconjugat-
ed bilirubin, protein, and triglycerides were spiked into normal human
serum (to create one sample for each) and their presence was con-
firmed on a clinical chemistry instrument (ARCHITECT c8000; Abbott
Laboratories, Park, IL) prior to comparisonwith unspiked controls. Spik-
ing agents did not exceed 5% of the total mixture volume.

The potential for interference from human anti-mouse antibodies
(HAMA), rheumatoid factor (RF), and heterophile antibodieswas tested
in 16 HAMA samples, 25 RF samples, and 19 heterophilic samples with
and without 1 mg/mL blocking agent (mouse IgG). Linear regression
was used to compare periostin concentration (ng/mL)with andwithout
the blocking agent.

Cross-reactivity with selected representative common asthmamed-
ications was assessed using normal human serum spiked with medica-
tions at the following concentrations: salbutamol (drug concentration
tested: 1.67 μmol/L), fluticasone (345 pg/mL), prednisone (0.82 μmol/L),
desloratidine (0.97 μmol/L), montelukast (0.9 μmol/L), ipratropium bro-
mide (300 pg/mL), cromolyn sodium (0.03 μg/mL), and theophylline
(222 μmol/L). These concentrations were based on CLSI guideline
EP07-A2 [26], or were at least three times the greatest concentration re-
ported following therapeutic dosage or the greatest expected concentra-
tion (if known). If the expected blood concentration was not known, it
was assumed that the therapeutic dose was distributed in 5 L of blood,
and a concentration of at least three times this amount was used.

2.2.5. Limit of quantitation (LOQ)
LOQwas evaluated according to CLSI guideline EP17-A2 [27]. LOQ

panels were prepared in goat serum, which was selected because it
does not have any reactive components that yield signal in the
assay. Goat serum was used to dilute standard human serum to cre-
ate periostin panel levels at 0.5, 1.0, 2.0, 3.0, 3.8, 5.0, 6.2, 7.0, and
8.0 ng/mL. Each level was tested in five runs on each of two different
instruments with two reagent lots over 3 days in replicates of 10
each.

2.3. Characterization of assay antibodies

Purified human periostin full-length and N-terminal segment pro-
teins were used to assess antibody binding. Inspection of four human
periostin isoforms showed that the first 669 amino acids are identical.
The mature common N terminal fragment was thus cloned from the N
at position 22 to the Y at position 669 such that the native signal peptide
was replaced with the CD33 leader and a C terminal 6 X His tag was
added to aid purification.

2.3.1. Electrophoretic and immunoblotting studies
Purified human periostin full-length and N-terminal segment pro-

teins were electrophoresed in non-reduced form on 4–20% Bio-Rad Cri-
terion Tris-HCl sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) gels using standard Tris/Glycine/SDS run-
ning buffer at a total protein load of 0.25 μg per gel lane. Gel migration
was standardized using BioRad Precision Plus Dual Xtra Standards (cat-
alog #161-0377). Following electrophoresis, the gels were stained for
protein using Coomassie Brilliant Blue R-250 reagent or electro-
transferred to a polyvinylidene difluoride (PVDF) membrane using a
BioRad TransBlot Turbo instrument. For development of Western
blots, themembraneswere first blockedwith Protein-Free T20 Blocking
Buffer (Thermo Scientific catalog #37571), briefly washed with 3 ex-
changes of tris-buffered saline (TBS) buffer, and then probed with
anti-periostin 4B4.B11 or 7B5.C4monoclonal antibody in a 100mL solu-
tion at a concentration of 1 μg/mL overnight (approximately 18 h). The
probed membranes were then briefly washed with three exchanges of
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TBS buffer and incubated with 100 mL goat anti-mouse IgG (heavy and
light chains) alkaline phosphatase conjugate at a dilution of 1:1000
from the commercial reagent solution (BioRad catalog #170-6520) for
3 h. The membranes were then again briefly washed with three ex-
changes of TBS buffer. Development of the blots was carried out
using an alkaline phosphatase substrate development kit (BioRad
catalog #170-6432). Digital images of protein-stained gels and
Western immunoblots were acquired with a BioRad GS-800 Scan-
ning Densitometer.

2.3.2. Testing for isoforms
For the isoform analyses, five periostin isoforms found in lung tissue

(isoforms 2, 3, 4, 7, and 8) plus isoform 1were expressed in human em-
bryonic kidney cells and evaluated by SDS-PAGE, Western blot, and in
the ARCHITECT Periostin Immunoassay. The DNA sequence for isoform
1was obtained fromGenBank accession number NM_006475.2. The se-
quences for isoforms 2, 3, 4, 7, and 8were then determined from the lit-
erature [28]. The sequences were submitted to GenScript USA, Inc
(Piscataway, NJ) and subjected to their algorithm for optimizing
codon usage for maximum expression in human cells. The DNA was
synthesized and inserted into the expression vector pcDNA3.1+ (Life
Technologies, Grand Island, NY). The constructs were sequenced by
the vendor, the sequences were translated using Vector NTI software
(v11, Life Technologies), and aligned with the original protein se-
quences to verify that the codon-optimized sequences coded for identi-
cal amino acid sequences. The Vector NTI software was also used to
calculate molecular weights for each isoform.

The human embryonic kidney cells (HEK-293-6E, National Research
Council Canada)were propagated in suspension culture using FreeStyle
293 media (Life Technologies). Flasks were seeded with 0.5 × 106 cells/
mL in 100 mL media and incubated for 2 days at 37 °C in 8% CO2. The
cells were then transfected with plasmid DNA using polyethylenimine
(PEI; Polysciences, Inc., Warrington, PA) at a DNA:PEI ratio of 1:2.5
using 0.75 pg DNA per cell. At 4-h post-transfection, the cultures were
fed with 5 g Tryptone N1 per liter of culture media (Organotechnie, La
Courneuve, France). At 6 days post-transfection, the cultures were har-
vested and themedia clarified by centrifugation. A flask of cells that was
not transfected was harvested and clarified to use as a media control.

2.4. Specimen handling

Serum samples from 10 subjects with a history of asthma were col-
lected to assess sample stability at room (30 °C) and refrigeration
(2–8 °C) temperatures, when frozen at−10 °C and−70 °C, and follow-
ing repeated freeze/thaw cycles.

2.4.1. Stability at room and refrigeration temperatures
All samples were stored at room temperature for 8 h, before being

kept at 2–8 °C or 30 °C for 7 days. Both normal serum tube-red top
(SRT) and serum separator tube (SST) types were used. Samples were
analyzed ‘on the clot’ (serum is not poured out of the draw tube, to
mimic ‘worst-case’ sample handling) and ‘off the clot’ (serum is poured
or pipetted into a secondary container) to mimic potential variation in
sample handling. Percentage difference in periostin concentration vs.
baseline was calculated for each sample on days 1 (i.e., after 24 h), 4,
Table 1
Five-day assay precision evaluation summary.

Level N Mean periostin concentration (ng/mL)

%CV

With

Low concentration control 80 8.0 4.0 (
High concentration control 80 29.6 2.3 (
Human serum panel 80 12.3 3.1 (

Abbreviations: %CV, percentage coefficient of variation; SD, standard deviation.
and 7; it was necessary for the upper and lower 95% confidence inter-
vals (CIs) around themean percentage difference to be ≤10% to support
storage at a given temperature.

2.4.2. Stability when frozen at −10 °C and −70 °C and freeze/thaw cycle
stability

Samples were frozen at−10 °C and−70 °C for 35 days. All samples
were evaluated ‘off the clot’. Both SRT and SST typeswere used. Percent-
age difference in periostin vs. baseline (room temperature) was calcu-
lated for each sample on days 7, 14, 21, 28, and 35; the upper and
lower 95% CI around the mean percentage difference needed to be
≤10% to support storage at a given temperature.

In the freeze/thaw cycles, specimens frozen at −70 °C for at least
12 h were transferred to room temperature for a minimum of 1 h,
prior to testing. Up to 4 freeze/thaw cycles were conducted for both
SRT and SST ‘off the clot’ specimens. Serum specimens were taken
from 8 subjects with asthma.

2.5. Periostin concentration assessments in healthy volunteers and asthma
populations

Serum samples from apparently healthymale and female volunteers
(n = 757) and from adult male and female subjects with uncontrolled
asthma (n = 585) were evaluated using the ARCHITECT Periostin Im-
munoassay to provide information on the distribution of periostin con-
centrations in these populations. Data were evaluated descriptively and
analyzed by gender, age, and ethnicity.

3. Results

3.1. Assay performance

3.1.1. Precision testing
Overall 5-day total precision, measured using percentage coefficient

of variation (%CV), was b6% across 2 controls and 1 serum-based panel,
and using (%CV) (Table 1).

3.1.2. Dilution linearity and spike recovery
Specimen dilution analysis yielded linear results across the dynamic

range of the assay. The average correlation between observed and ex-
pected values was 0.99 (Fig. 3); residual plots were reviewed and no
systematic biases were observed (data not shown). The mean (range)
spike recovery was 104% (99–109%) for 20 ng/mL, 105% (99–113%)
for 50 ng/mL, and 103% (100–105%) for 100 ng/mL periostin
concentrations.

3.1.3. Interferents
Interference was b10% for protein, bilirubin, triglycerides, and he-

moglobin (Table 2), and no interference was observed for HAMA, RF,
and heterophilic antibody samples in the presence or absence of
blockers (Fig. 4); residual plots were reviewed and no systematic biases
were observed (data not shown). No drug interference was observed;
the mean difference in periostin concentration when tested with or
without key asthma medications ranged from −2.1% to 1.8% (data not
shown).
(SD)

in run Between run Between day Between instrument Overall

0.3) 1.0 (0.1) 0.0 (0.0) 4.0 (0.3) 5.7 (0.5)
0.7) 1.5 (0.4) 0.0 (0.0) 0.0 (0.0) 2.8 (0.8)
0.4) 2.2 (0.3) 0.0 (0.0) 0.9 (0.1) 3.9 (0.5)



Fig. 3. Dilution linearity (simple linear regression analysis, n=9) of the ARCHITECT
Periostin Immunoassay in an endogenous sample (IPF). Abbreviation: R2, coefficient of
determination.
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3.1.4. LOQ
Nine serum periostin panel concentrations (ranging from 0.5 to

8.0 ng/mL) were used in determining the LOQ. The LOQ for these con-
centrations ranged from 1.0 to 3.8 ng/mL. Thus, overall, LOQ for the
assay is approximately 4 ng/mL.
3.2. Characterization of assay antibodies

Western blot analyses showed that the immunoassay antibodies
bind to the N-terminal fragment of periostin (common to all isoforms),
and that the antibodies detect both monomeric periostin (at approxi-
mately 75 kDa), and dimeric and multimeric forms of periostin (at
150–250 kDa) (Fig. 5). In a normal human serum sample spiked to
50 ng/mL with the N-terminal fragment of recombinant periostin, re-
covery was 91%.

All known periostin isoforms expressed in the mature lung (2–4, 7,
8) are detected by the ARCHITECT Periostin Immunoassay (Table 3).
The assay also detected lung isoform 1 (used as the calibrator antigen),
which is present in fetal lung but not found in non-small-cell lung
Table 2
Interference testing with hemoglobin, protein, bilirubin, and triglyceride.

Interferent and test

Mean periostin
concentration (ng/mL)

% differenceControl With interferent

Hemoglobin
Hemolysate

N200 mg/dL total hemoglobin 20.1 19.0 -5.5
Protein

BGG
N12 g/dL total protein 11.6 12.1 4.3

Bilirubin
Unconjugated

N20 mg/dL total bilirubin 11.5 11.3 -1.7
Conjugated

N20 mg/dL total bilirubin 14.7 16.0 8.8
Triglyceride

Intralipid
N3000 mg/dL triglyceride 11.0 10.8 -1.8

Abbreviation: BGG, bovine gamma globulin.
cancer (NSCLC) or adult lung tissue [29]. The calculated molecular
weights for the expressed isoforms, without the signal sequence, were
calculated (data not shown) and used to confirm expression of the
intended isoforms.

3.3. Specimen handling

3.3.1. Stability at room and refrigeration temperatures
The mean (95% CI) percentage difference from baseline in periostin

concentrations measured after sample storage at room temperature
(30 °C) in SST ‘off the clot’ (n = 10) was −0.8% (−2.5% to 0.8%) on
day 1, −8.5% (−10.1% to −6.8%) on day 4, and −23.9% (−25.0% to
−22.8%) on day 7. The equivalent values after sample storage at
2–8 °C in SST ‘off the clot’ (n = 10) were: −4.33% (−4.8% to −0.3%)
on day 1, −24.99% (−17.1% to −2.3%) on day 4, and −33.26%
(−23.9% to −11.0%) on day 7. Similar results were reported for SST
samples tested ‘on the clot’ and SRT samples tested ‘on’ and ‘off the
clot’ at room and refrigeration temperatures (data not shown), indicat-
ing sample stability at room temperature and 2–8 °C for 24 h.

3.3.2. Stability when frozen at −10 °C and −70 °C and freeze/thaw cycle
stability

The mean (95% CI) percentage difference from baseline in periostin
concentrations measured after sample storage frozen at −10 °C in SST
‘off the clot’ (n = 10) was −3.4% (−4.9% to −2.0%) on day 7, −2.3%
(−3.7% to −0.8%) on day 14, 0.9% (−1.1% to 2.8%) on day 21, −1.2%
(−2.9% to 0.6%) on day 28, and −3.1% (−5.0% to −1.2%) on day 35.
The equivalent values after sample storage frozen at−70 °C in SST ‘off
the clot’ (n = 10) were: –1.7% (−3.0% to −0.4%) on day 7, −2.5%
(−5.2% to 0.1%) on day 14, 2.3% (0.5% to 4.1%) on day 21, −1.8%
(−0.8% to −2.8%) on day 28, and −5.8% (−7.5% to −4.0%) on day
35. Similar results were reported for SRT samples tested ‘off the clot’
at−10 °C and−70 °C temperatures (data not shown), indicating sam-
ple stability at these temperatures for N1month. For sample storage be-
yond 24 h of collection, freezing (≤− 10 °C) is therefore recommended.
Samples were stable for up to 2 freeze/thaw cycles.

3.4. Periostin concentration assessments in healthy volunteers and asthma
populations

Serum samples from 757 apparently healthy volunteers showed a
mean periostin concentration of 16 ng/mL, with similar mean periostin
concentrations regardless of gender or ethnicity (Table 4). Mean
periostin concentration appeared to be slightly elevated in subjects
aged 16–18 y (19 ng/mL, range 7–56 ng/mL; Table 4), and particularly
in males in this age group (21 ng/mL, range 7–56 ng/mL, n = 173). Fe-
males in this age group had amean periostin concentration of 17 ng/mL
(range 7–33 ng/mL, n = 187).

Serum samples from 449 subjects with uncontrolled asthma ap-
peared to show slightly greater mean periostin concentrations
(19 ng/mL, range 5–73 ng/mL; Table 5) than those in the healthy vol-
unteer population (periostin concentrations appear normally dis-
tributed). In subjects with uncontrolled asthma, mean periostin
concentrations were broadly similar regardless of gender or ethnic
group (Table 5).

4. Discussion

We showed that the IUO ARCHITECT Periostin Immunoassay is a re-
liable and robust assay, as indicated by: levels of precision of b6 %CV
within run, between run, between day, and across 2 instruments; high
sensitivity for periostin (i.e., low LOQ); and stability over 24 h at room
and refrigeration temperature (beyond 24 h of collection, freezing
at -10 °C or colder is recommended). Additionally, there was no notable
interference fromcommonasthmamedications or classical immunoassay
interferents, and good dilution linearity from 400 ng/mL to 0.4 ng/mL



Fig. 5.Western blot analyses showing detection ofmonomeric (approximately 75 kDa), and dimeric andmultimeric (150–250 kDa) periostin forms by the antibodies (4B4.B11 on left and
7B5.C4 on right) used in the ARCHITECT Periostin Immunoassay. Lane 1: Dual Xtra Molecular Weight Markers; Lane 2: Empty; Lane 3: N-terminal periostin fragment (non-reduced and
not boiled).

Fig. 4. Evaluation (simple linear regression analysis) of potential interference from HAMA (panel A, n=16), RF (panel B, n=25), and heterophile antibodies (panel C, n=19). 1 mg/mL
mouse IgG was used as blocker. Abbreviations: HAMA, human anti-mouse antibodies; RF, rheumatoid factor; R2, coefficient of determination.
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Table 3
Periostin isoforms detected by the ARCHITECT Periostin Immunoassay.

Isoform Fetal NSCLC Normal Exons Isoform concentration (ng/mL)

1 + − − 1–13 14–16 17 18 19 20 21 22–23 Calibrator antigen
2 + + + 1–13 14–16 19 20 21 22–23 6656
3 + + + 1–13 14–16 18 19 20 22–23 7720
4 + + + 1–13 14–16 19 20 22–23 9721
5 + − − 1–13 14–16 17 18 19 20 22–23 Not tested
6 − − − 1–13 14–16 17 19 20 21 22–23 Not tested
7 + + + 1–13 14–16 20 21 22–23 5338
8 + + + 1–13 14–16 20 22–23 3651

+/− indicate whether the periostin isoform is present (+) or absent (−) in the tissue type. Isoforms 5 and 6 were not tested as they are not present in normal lung tissue. Calibrator
antigen concentration was assigned with an absorbance at 280 nm using an extinction coefficient established by amino acid analysis. Isoforms were diluted into the dynamic range of
the assay and then the results were corrected for dilution factor. Abbreviation: NSCLC, non-small-cell lung cancer.
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was observed, with an average correlation between observed and ex-
pected values of 0.99.

The ARCHITECT Periostin Immunoassay is a two-step assay in which
periostin is captured by microparticles coated with an anti-periostin
mAb prior to detection by a second, non-competing anti-periostin
mAb conjugatedwith acridinium. This two-step assay approach reduces
the likelihood of high-dose hook effects [21], thusminimizing the risk of
false-negative results in samples high in periostin [30]. It also reduces
assay non-specific binding and prevents the exposure of acridinium to
potential interferents such as HAMA [21]. Furthermore, the assay con-
tains blockers to target interferents such as HAMA, RF, and heterophile
antibodies.

Our findings indicate that the antibodies used in the ARCHITECT
Periostin Immunoassay bind to the N-terminal fragment of periostin
and that they detect monomeric, dimeric, and multimeric forms of
this analyte. The assay also detects all known periostin isoforms
found in the lung, indicating a potential suitability for use in inflam-
matory respiratory conditions where periostin may be implicated.
Indeed, the ARCHITECT Periostin Immunoassay is currently being
used to assess the utility of periostin as a biomarker in two Phase
III studies of tralokinumab (an anti-IL-13 mAb) in subjects with asth-
ma (NCT02161757, NCT02194699) [15]. The assay calibration range
in our studies was selected based on the range of periostin concen-
trations (5–73 ng/mL) in a Phase IIb study of subjects with severe,
uncontrolled asthma. Additionally, we used the ARCHITECT Periostin
Immunoassay to analyze additional serum samples taken from sub-
jects with uncontrolled asthma from a second Phase IIb study and
found periostin concentrations ranging from 8 to 104 ng/mL with a
similar mean periostin concentration regardless of ethnic group or
Table 4
Distribution of periostin concentrations in samples from apparently healthy volunteers.

Number of samples

Periostin concentration
(ng/mL)

Mean Median Range

All 757 16 15 5–56
Gender

Female 384 16 15 5–37
Male 373 17 15 5–56

Age, y
16–18 360 19 18 7–56
19–21 55 14 16 9–32
22–30 53 15 14 5–30
31–40 91 13 13 5–37
41–50 92 13 13 5–27
51–60 64 13 12 7–24
61–72 42 14 13 8–26

Ethnicity
African American/Black 192 16 15 5–56
Asian 165 17 16 5–41
Caucasian/White 200 16 14 6–43
Hispanic 200 17 16 6–36
gender. Thus, the ARCHITECT Periostin Immunoassay should reliably
detect the full range of periostin concentrations in subjects with
asthma and be appropriate for use in this group regardless of age,
gender or ethnicity.

As expected, our analysis of periostin concentration in serum
samples appeared to show slightly elevated mean periostin con-
centrations in samples from subjects with uncontrolled asthma
compared with apparently healthy volunteers. This is consistent
with reports of elevated serum periostin concentration in subjects
with asthma, particularly those with Th2-driven asthma or eosino-
philic inflammation [10,31]. Furthermore, our analyses suggested
slightly elevated mean periostin concentrations in young healthy
volunteers (16–18 y) compared with volunteers aged ≥19 y.
Again, this is consistent with reports of elevated periostin in chil-
dren and young people compared with adults, regardless of asthma
[32,33].

In addition to its role in asthma, periostin has also been implicat-
ed in allergic diseases such as atopic dermatitis, allergic rhinitis, and
eosinophilic otitis media, and non-allergic diseases such as IPF,
scleroderma, proliferative diabetic retinopathy, and bone marrow fi-
brosis [1,6]. It is also over-expressed in many cancers [6]. Thus, the
potential utility of the ARCHITECT Periostin Immunoassay is far-
reaching, although further research is required to assess the use of
the immunoassay in other respiratory and non-respiratory condi-
tions. In conclusion, our studies indicate that the IUO ARCHITECT
Periostin Immunoassay is a reliable and robust test for the measure-
ment of serum periostin concentrations.
Table 5
Distribution of periostin concentrations in samples from subjects with uncontrolled
asthma.

Number of samples

Periostin concentration
(ng/mL)

Mean Median Range

All 449 19 16 5–73
Gender

Female 296 19 17 5–73
Male 153 18 16 5–54

Age, y
18–21 9 21 19 10–39
22–30 21 17 16 8–31
31–40 77 17 15 7–39
41–50 109 18 16 5–60
51–60 140 18 16 5–61
61–70 75 22 19 7–73
71–80 18 22 21 8–47

Ethnicity
African American/Black 14 21 14 7–54
American Indian/Eskimo 27 18 17 8–40
Asian 158 22 19 7–73
Caucasian/White 174 16 15 5–45
Hispanic 76 18 16 6–61
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